SUMMARY Fifty patients with sustained ventricular tachycardia were studied by endocavitary recordings and programmed electrical stimulation. Of 29 patients in whom tachycardia could be initiated, 18 had chronic coronary artery disease and eight had no detectable heart disease. Of 35 patients in whom the tachycardia could be terminated by premature ventricular stimuli, 21 had chronic coronary artery disease and eight had no detectable heart disease.
PREVIOUSLY WE HAVE REPORTED on the initiation and termination of ventricular tachycardia by timed premature beats during electrical stimulation of the heart.', More recently we have evaluated findings from fifty patients with ventricular tachycardia studied with endocavitary recordings and programmed electrical stimulation of the heart. The present report describes our observations relative to the time of initiation of the tachycardia, with particular emphasis on the effect of basic pacing rate, the coupling interval of the premature beat, and the role of the specific intraventricular conduction system. We have also considered the importance of site of stimulation on initiation and termination of tachycardia.
Material and Methods
Fifty patients were consecutively studied because of ventricular tachycardia (table 1) . Twenty-one of these patients had a history of myocardial infarction occurring at least five weeks prior to the onset of tachycardia. Time interval between the first attack of tachycardia and the study varied from two months to five years. None of the 21 patients was in tachycardia at the initiation of the study. In contrast, seven patients developed sustained ventricular tachycardia within the first 24 hours of infarction. All were in tachycardia at the beginning of the study. Three patients developed ventricular tachycardia between the first day and five weeks following acute myocardial infarction; all three entered the catheterization room in tachycardia. The other diagnoses listed in table I were made from findings during heart catheterization and cineangiography. The patients in this group were not in tachycardia at the beginning of the study. The time interval between the electrocardiographic documentation of tachycardia and the study varied from three months to 19 years. Patients labeled as unknown had normal findings on heart catheterization and cineangiography (including coronary angiography). None of the patients reported suffered from the Q-T prolongation syndrome, nor did any of them show signs of pre-excitation during sinus rhythm and/or atrial pacing.
In all patients, following informed consent, catheters were ing the ventricle at the slowest possible pacing rate. An inverse relation was found between the prematurity of the tachycardia-initiating premature beat and the interval between the premature beat and the first beat of tachycardia, a finding suggestive of a re-entry mechanism. The role of the specific conduction system in initiation and during tachycardia remains unknown. Stimulation site was found to affect initiation and termination of tachycardia and width of tachycardia zone. Ten of the 13 patients in whom tachycardia could be initiated by a single ventricular premature beat and who showed onset of tachycardia with complexes of uniform shape immediately following the induced premature beat had a tachycardia zone of 50 msec or more. In eight of these ten patients shortening the interval of the tachycardiainitiating premature beat lengthened the interval between the premature beat and the first QRS complex during tachycardia ( fig. 7 ). In the remaining two patients no relation was found between the prematurity of the induced premature beat and the length of the subsequent interval to the first QRS complex of tachycardia. As shown in figure 1 the interval between the tachycardia-initiating premature beat and the first beat of tachycardia was also affected by the ventricular activation pattern of the premature beat. 20 patients the latter QRS complex was the first complex of tachycardia, while in the remaining six patients one QRS complex of different shape followed the test stimulus and preceded the first QRS complex of tachycardia ( fig. 3 ). In two of the latter six patients two QRS complexes of different QRS configuration preceded tachycardia. As shown in figure 4 these two QRS complexes had a left bundle branch block configuration.
RA
During tachycardia, rapid deflections suggesting His bundle (or right bundle branch) electrograms could be identified in 27 of our 50 patients. In 23 patients these deflections were related to the QRS complex during tachycardia. In three patients they were found to be located at the beginning, in ten patients in the middle and in seven patients at the end or following each QRS complex of tachycardia. In three of the 23 patients a His bundle electrogram followed every second or third QRS complex. In another four patients His bundle activation was found to be related to atrial activation. In two patients His bundle activation followed every atrial complex (both patients had complete A-V block distal to the bundle of His in recordings outside tachycardia) and in another two patients the appearance of a His bundle electrogram depended upon the distance between the ventricular complex and the atrial electrogram, suggesting retrograde concealed penetration from the ventricular complex into the A-V node.5
Termination of Tachycardia
As listed in table 3, tachycardia could be terminated by appropriately timed premature beats particularly in the group of patients with old myocardial infarction and those in whom no other cardiac abnormality could be identified. The patients with acute and subacute myocardial infarction were found to be especially resistant to termination of tachycardia by premature stimuli. As for initiation of tachycardia, it was found that site of stimulation played a role in termination of tachycardia. In fifteen of the 22 patients in whom stimulation from the apex and the outflow tract of the right ventricle could be compared, tachycardia could be terminated by timed stimuli. In ten of them this was easier or only possible from the apex. The reverse was true in the other five patients ( fig. 8 ).
Discussion
As reported earlier in patients suffering from recurrent ventricular tachycardia in the presence of an old myocardial infarction, initiation (and termination) of the arrhythmia can usually be accomplished by the application of appropriately timed ventricular premature stimuli, and occasionally, depending upon the width of the tachycardia zone, by atrial premature stimuli.'-' In this study the same was found in the majority of patients with no identifiable cause for their tachycardia. This was in contrast to patients with ventricular tachycardia in the setting of acute or recent myocardial infarction or in the few patients with prolapsing mitral valve and cardiomyopathy. We have previously discussed the possibility that these differences may be related to 
Effect of Site of Stimulation
Initiation of tachycardia is influenced not only by the basic pacing rate but also by the site of stimulation. As shown in some patients, tachycardia could be initiated by premature beats given at one stimulation site and not at the other. This finding indicates that failure to initiate tachycardia during programmed stimulation may not be used as an argument against re-entry being the mechanism of the arrhythmia. It demonstrates that both distance from and approach to the area of abnormal impulse formation play a role in the genesis of arrhythmias by premature stimuli. Site of stimulation also affected termination of tachycardia. In patients with the Wolff-Parkinson-White syndrome it was demonstrated that proximity to the re-entry circuit influenced the possibility of termination of tachycardia by premature stimuli."0 This suggests that in patients with ventricular tachycardia the site of stimulation which terminates tachycardia may be important for localization of the site of abnormal impulse formation. It also stresses the necessity of careful selection of the optimal stimulation site if treatment of ventricular tachycardia by a chronically implanted pacemaker is considered."1 12 The Interval between the Tachycardia-initiating Premature Beat and the First Beat of Tachycardia An inverse relation was found between the prematurity of the tachycardia-initiating premature beat and the interval between this beat and the first QRS complex of tachycardia. This finding resembles observations in patients with reentrant A-V nodal tachycardia'3 in whom increasing the prematurity of the atrial test pulse results in an increasing A-H interval, without change in the H-atrial echo interval leading to a net increase in echo time (the interval between the atrial test stimulus and the atrial echo). An illustration of this inverse relation between prematurity of the test pulse and interval to the next beat in the canine Purkinje fiber is given in figure 7 of the article on re-entry by Wit et al. 8 The presence of this phenomenon in the majority of our patients seems highly suggestive that re-entry was the mechanism responsible for initiation of tachycardia. Activation of the specific conduction system cannot only be observed at -the time of initiation but also during subsequent beats of tachycardia.4' [15] [16] [17] [18] [19] The timing of activation of the His bundle in relation to the QRS complex has been considered helpful in locating the site of impulse formation in the ventricle. If the His bundle activation precedes or is located at the beginning of the QRS complex an origin in the specific intraventricular conduction system has been suggested. 20 Unfortunately the timing of the activation of the bundle of His during ventricular tachycardia will be influenced by several factors such as ability to invade the specific conduction system and the conduction velocity in 243 VOL 54, No 2, AUGUST 1976 antegrade and retrograde direction in the His-Purkinje system. This makes the location of the His bundle electrogram of questionable value for identification of the site of origin of ventricular tachycardia. We conclude that identification of site of origin and pathway of tachycardia (the bundle branches, the Purkinje system, fibrotic ventricular muscle or combinations of these) is usually not possible during programmed electrical stimulation of the heart. Only under exceptional circumstances, such as initiation of a ventricular tachycardia by a supraventricular impulse which is blocked in one of the bundle branches21 or termination of a ventricular tachycardia by a supraventricular premature beat which is not conducted to the ventricular myocardium,2 is it possible to prove that the re-entry circuit incorporates the bundle branches. In patients suffering from ventricular tachycardia, myocardial excitation mapping is needed for exact identification of site of origin and pathway of tachycardia. 22 24 
